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, DeKalb, lllinois bEP

An, Important question concerning, the cardiac intervals ig?whefher or

not they refliect changes in the human organism as a result of physical train=

' ing Qr corditioning. ‘lo an attempt to answer this question, a review of the

researcn has been conducted. Specifically, three tactors were Investigated:
f!) +ne response of each interval to varying types and intensities of training -

programs; 2) The propable physio!ogical explanations for these responses; and

!

3) the significance of the changes which did or did not occury .
‘ 4

o

The numoer of sfuﬁies which have }nves;igafed fr§4ning responses Of the
‘ carciach:me coﬁponenfs is small (1-8, 9-17). The training programs wareolargely
concentrated n the walk-jcg-run, cgnfinuo&s aerobic=type activities. Only ohe
study (3) dé%]f with w;ighf frain}ng and three (4,6, 13) with specific sports=-
triese being soccer, & badminton=-handball combinafisn, and cycling, respectively.

The subjects were generally college or middie-aged men, although two (i1, 12)

Geait witn females. .Training lasted anywhere from 6-24 weeks with the subjects

L4

working out I=1/2 to 5 days per week., The oxercise stress situations where

x

incluged were generaily bicycle ergometer rides or step tests both submax imal

¢ "all~out"; and, althougn fechniqdes have now been developed for recording

+ne cardiac intervals during work, the majority of these studies reported post

exercise valués. -4 -

Because of the smail ~otal number of subjects and the wide variations in

. Tne s*udies, iT was decided to analyze the results in terms of percent change

0% Tne mean vaiues pre énd post +raining, bofh at rest and /2 to {=1/2 minutes.

after a given submaximal exercise bout. This analysis was done using the factor

growpings suggeSTed py Franks and Cureton (7). No information was available for

eitner The isovolumetric relaxation or rapid filling phases.
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»

Vezn cata are presented in Taple |. These figures vary somewhat from

¢

+rose reported Dy Franks, et al (9). Reasons for these differences undoudbtedly °-

o
H

I o s . o .2
include: 1) ali autpors in <he present review did not analyze ail of the cardiac

-

- -

intervals; tnerefore, different subjects are included in each variable; 2) .small
variarions in The equipment, recordings and measuring Techniques existad befween

N sTudies;s5) data +rom both maies and‘females of all ages have been +reated together;

3 o
«

/ and 4) Tne Time of recording The sost .exercise measures varied, as well as the

Y

sudmax imal exorci%e That was used. ; s

: EACTOR i LEFT VENTRICULAR DIASTOLE
Tae jnTeryals measuring or showing the highes™ relationship with diastole

snowed. Tne greatest response O +raining (Figure PF DxasTole (dia) lengfhened

|
15.6% ar resT (3,2,4,5,6,8,12,16,17) and was 23.7% more resistant o shorfening -

from Submaximal exercise foiiowing +raining (5,6,17), Cycle time (CT) and its
4

iaverse, neai rate (MR), bovh changed approximately 10% at rest (i-8, 10, 12-17),

' 1 o
puT 16.1% anc -13,7% foi wsng +ne standard exercise bout (5,6,10,17). The
/
seeming aiscrepency in these laTter VWO figures can probably best be eyplained
' 5\
as peing Gue 7o' ne fact that the hearT rave was analyzed using the nearest

\ .
’

Wnoi e numoer, Of peats per minutc, whereas The cycle time figures are in The *

. e K )
far KOra exact univs ot miliiseconds. : ! ‘
% ' {

“ne siowing down of Tne nearv rate an¢ concurrenT lengthening of the cycle

+ime ang diasTole uncoubteaiy refiect an increase in the level of parasympafheftc

infiuence in The nervous regulation of +he neart (7).

/. Tnis siowing and legthening are deemed important, since i+ is the diastole
onase 0 which ventricuiar rest, ventricular filling and coronary circulation

occur. Thus, The fewer aumber_of -contractions, ionger rest, and more ‘complete .
’ o
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TABLE |
CARDIAC TIME COMPONENTS - MEAN VALUES

- Variable Pre~Training - — Post Training !
Factor Milliseconds Rest Post Exercise Rest Post Exerclise
|- Diastole - 538 337 612 417
‘ Cycle Time 660 . 585 - - 964 677
Heart Rate 70 £ 105 &5 , 9
b/m‘n) > /’ -
- “ N ) .
2 > _ “Ejection Period 287 203 300 229
Total Systole " 391 - 332, 415 346
. vechanical Systole 326 276 35 299
3 {sovolumetric 66 34 72 . 39
) Contraction
Period
“Tension Period 107 105 Y 107 o5
. ® - Ty
4 *  Eiectromecnanical 54 48 52 48
Lag

[




TRAINING CHANGES

REST ‘ POST SUBMAXIMAL EXERCISE .
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ks

.pe a result O

e
.

#iiling represent a molé efficiently functioning heart.

>

N~ FACTOR 2  LEFT I VENTRICULAR SYSTOLE . .

-

Trose intervals aSSOC|a.ec with left ventricular systole or contraction
ali showed a Tendency 1o jengthen at rest¥ and To be more resistant #o shortening

ro;.owtn .a submaximal exercise session at Tne end of training (Figure 2). At

e e N

res., +otai systole (7S) iné}eased 6.1% (2,5,8), mechanica{ systole (MS) 7.7%

(2,5,6,8), and ejection peraod (5P) 4.5% (2,4,12,14,16,17). The post e;éfcise

values increaseawoy 4.2% (5), 8. 3% (5,6) and 12 8% (17), respectively. 0f the °
ree SYSTO«iC .q.ervats, the ejection period,is The most important and it tends

roughiy To parailei sTroxe voiufie (5 7.
e

Sue To the relationship with stroke volume, a, lengfhened ejecfibn period

would seem VO indicate a more complete empfying of Thé’chamber and a ‘larger
/
rest and xn recovery from work. This may, at least in parT, )

sTroke Vo ume, \a
)
-
L

¢ +ne longer diasiole and more cémpliete diastolic filling. As with

the lengThening of diastole, This changeé would be considered a positive cardio=
\
E] ‘\, ¢ "
vascuiar esponsse.
g v

FACTORS 3 AND 4 PRE-EJECTION INTERVALS
Tersion period (Té), isovolumetric contracvion period (ICP), and electro=
mecnanical 1&g (evk) are also part of sys?oie--mosf specifically, the pre-ejection
phases (Fiéure 3), Tension periog, the'sum of ICP and-EML, exhibited a 9.4%°

i

incra ase at res7_(2,3,4,5,!:,23,i4,%7) and a |.9% greafer‘1eng+h fol lowing sub-

Xy
1

maximai aCTiviTy (4,5,i7). iTs +wo component parts, however, ‘moved in opposite
¢irections or nov av all. AY resT, The isovolumetric confraction period lepgfhened
by 9.2% (i=6,6,10-12,16,17), while The electromechanical lag shortened by 3.7%

(" =8,i0-12, i5=17).




TRAINING CHANGES

] REST ' POST SUBMAXIMAL EXERCISE
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TRAINING CHANGES
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y Foliowing submaximal exercise tne ICP" increased by 14.7% poé?“#?aining ’
}

t

(4,5,17), wnile The EML showed Nno variation. The difference in response
Fi

f/ﬁ/oaid tend TO reinforce the importance of measuring (CP aﬁd;EML as’separate
s ¢ = * ‘e »
" components and not jointiy as TP (7). - = ‘ e

~ . -
. .

Raaa‘(iS-lS)'has been +he foremost advocate ‘for interpreting the ICP

as an indicator of sympa.ne.ac-adreﬁerglc infiuence on ventricular contractility
. L 'II,‘sl
Tarougnh- The hormones epinephr,ine \reSeased by- the adrenal medulla and fransported-

by The a;ooi to tne neart) and noreptnepnrtne (discharged directly into the

myocarc.al cells from the sympafnefsc nerve endings). As @ cardiologist,
s -
Raad s€e% qiinicaicamp.:ca..o“s for this relationship. His contention is
4

‘that nypoxic, gegenerative (isghemic) heart disease is not caused solely by a

;

decrease in, or iack of, oxygen supply brought aboy& by ar+eri6§clerosis, but
adso oy a pa;ai(el increase In oxygen conSumpfiqﬂ due to the adrenefgic
’caTechoLamIne interierence (l4). _Hence, an indfvidual with a shortened {CP
wouid appear Te De one who is symggfheficaliy dominated and potentially prone
70 neart injury. Converseiy, a lengthened ICP would be interpreted as ero-

. viging Tne individuai with a degree of anti-adrenergic sympafho-inhibifory
counter-reguiartion. WiTh fnls coun.er-regutafioQL\The heart functions more
afficiently and more econo mically in The ufsl;zafuon of its oxygen supply.

1 These cnangeé,are geemed to be proTechve to TE: heart.

\ !

]

‘ Jin addition to the probable significance of The ICP as a reflectignof
. ‘ ' ¥

+na symﬁaTneTic +one of an findividual, it is aiso an indi +ion of the level

of adaptatrio *e the STress of training (7). Generally, 1f tthe level of work

{ .
in condiTioning is Too swrenuous tor an indivicual, the stress is indlcated by a
g

-
snortened ICP. rowever, as adaptation takes nlace, The drganism is befter able

B
.
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L3 .
°
3

A Y .

-0 wiThstand stress and The_ ICP |engthens. in this regard, a longer post-

. exaercise, (CP would indicate ThaT Thé)sfanoarc exercise caused less stress s
» . . ¢ P
. in The Qndivtdua: as a‘result of the training. - :
- ) ' -
4 \ ) o 4 .

The oiecTromechanical lag is a sgecufsc tactor and is The mosf incon=

v 5 -

L] L4 - » f E
» ~ sisTent of The cardsac Txme componen.s. it represenfs the time requtred for

-~ 3

tne spread of The elec*rscal sf‘muoaTnon from the Sino-Afr(al Node across the

ventricles. Alfhough +he ovefall\chahge at rest was a decrease of 3.7%, {in

©

aimost nalf of The studies which deasured This variatle, an increase in length (.

- post Training was found. in no case, however, was the mean change more-than
’, N - ? : L] . . i ' [
. 8 miliiseconds. : . . / '
| 1
““ . ' / ) * ‘\‘h‘_-‘?r - ' \
».‘ s ~ b3 ~ .
- §T appears-fhaf Tne shor*enxng of EML would he a positive changs, for -

4

a’sxugg.sn propagation < +he electrical s.rmutus is often assoc;afed with
[y R s ) \\ .

‘paTnO;og.cai condiTions (75
»
El

. ' " v, ' g LY 7

. . -7 CONCLUS {ON : ,
. _ . ’ : L vawmiwg /s

o conciusipn, i+ appears that follawing adapfafion to physicai eduea$+en, .

the cnanges wnich, occur in the cardiac 7 Time componenfs at rest, that is a

1

~ & \ *

':enngened iastole, iCP, ¢p'and a shortened EML, indicate a more afficient and
" seconomicaiiy J4uncrioning neart. Tha posT submaximal exercise changes, specifis
caiiy 3655‘shor#ening'in the giastoie, |CP, aqs EP, and no change in the EML, .

— undoudtealy retiecT a decreage in stTress response.

( ) .

* » -
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_than the inactive coatrols (Figure 4). .
\

3

Cardiac Time Compos .nts: Sedentary versus Active Individuals

v, .

Sharon Ann Plowman
Northern Illinois Uhiversity
. DeKalb, Illinois

©
-

I: is possible to consider® comparison studies of athletes or, "highly uctive"

individuals versus normal sedentary or ''low ac cuutrols as a form of training

study. in studies of this type, the investigator has no coantrol over the type
e U .Q ) ‘ . P ¢
or duration of the training of- the individuals, but merely decides by work
LI ¢
activity, leisure time purSuiﬁs, or competitive status the activity category

\
<
N 3

of each individual.

iess than g dozen of these studies which have been published have used. the’

o 1

cardiac interval time components &+ variables (1-10). All havé~§éen concerned -

§
v ’

A

with male subjects. None have reported .post exercise values for the various

3,

.

vl
intervals. 'Mean resting values are reported in Table 2. As W1th the controlled

-8

:raining;studie%,‘all comparisons are made in terms of per cent change, using ,

.

the sedentary 1131v1cua¢s valuas as the baseline.

Active 1nd1v1auals were rqgnd to have a-42.2% longer diastole (1, 2),

2

a 20.9% loager éycle time (1,2,4;7410), and a ‘6.9% slower rate (1,?,4,7—10)

v
[ &

The systolic intervals of ejection period, total systole, and mechanical

sya..cue measuted 1.1% (4,5,8 9) 8.7% (1,2,3,5,9), and 9. 6% (1,2,4,9) greater

Ly

;n‘nﬂulve 4ndividuals than in sedentary ones (Tlgure 5).
\ ~ i - »
is..voiumetric qontraccibn peridd was §9.7% longer (2,4,9) and the tension\’

BN ]

period 15.2% longer (2 4-10) 1n the more active subjects. Only the electremechanichl

2
-

¥
3 N :

iag was found to be shorter ami;g athletes and-active individuals when comparcd to

R ’ _ .
their non=athletic sedentary{counterpart?*(l:ﬁlgz\FFigure 5)2 This difference
' i / )

was =2.2% and again a number of studies reported dif?érenges in the opposite
% . T
direction. o . T~

* . . N ) e

o
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1 B | CARDIAC TIME GOMPONENTS——MEAN VALGES  ° "
PR ! . . - - . \ »
Factor = variable Sedentary Active
T milliseconds “Individuals -~ ' Individuals
F . " . o . .
Diastole 542 ../ 721 _
Cyc\:le Time - P £ LY / 1023 .
. ’ o \ ' " : - /'/ ‘ ’ v
I Heart Rate 71 . ? 59
T \ (b/min) ; Y ,
2 . jEjection Period ‘ 279 ’ : 282 ’
Total Systole 367 ’ 399 4o .‘ '
Mechanical Systole 303 ) - 332
/ ‘ )
P Ch .
37 isovolumetric 74 T 9% -
ST Contraction . , N A
e y Period L ,
N Tension Period 99 "114 \
i, - «
A _ Electromechanical 70 : 68
Lag "
? ¥
N ; o
s -t
< ¢
. '
. / o
#
' v
4 ¢ ) ‘
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: a SCDENTARY VS.. ACTIVE INDIVIDUALS
16004~ +20.9% A
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Thus, the d@fférences berween active and seéentary méles, a(longer diastole,
eiection period and isovolumétrié contraction period and a shorter electromechanical
lag in the actives, were seen to paéa?lel preciéely the changes in the left
ventricular tine components that training programs produced. The physiological
explanations and significance oi the diffgrenégs are assﬁmed to be equally parallel

-

and appilicable.
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